Pulmonary arterial hypertension (PAH) is a serious complication of connective tissue disorders (CTDs), and CTD-PAH is the second cause of PAH after the idiopathic form. PAH is characterized by increased pulmonary arterial pressure and pulmonary vascular resistance, which can lead to right heart failure and death. About 90% of CTD-PAH cases are associated with systemic sclerosis (SSc, 74%), mixed connective tissue disease (MCTD, 8%) or systemic lupus erythematosus (SLE, 8%). CTD-PAH has also been reported, albeit rarely, in Sj€ ogren syndrome, inflammatory idiopathic myopathies and rheumatoid arthritis. As for idiopathic PAH, the impaired production of vasoactive mediators such as nitric oxide and prostacyclin, and the increased production of vasoconstrictors and proliferative mediators such as endothelin-1, affect the vascular tone and promote vascular remodeling. Moreover, there is growing evidence suggesting that inflammation and autoimmunity may contribute to the genesis and progression of CTD-PAH, especially in SLE and MCTD patients who require an early administration of corticosteroids and immunosuppressants in order to avoid irreversible pathologic changes in pulmonary vessels. Conversely, immunosuppressive agents are ineffective in SSc-PAH, which requires a timely and aggressive treatment with specific PAH therapies (combination therapy). In this review, we summarized the current data on the pathophysiology and treatment of CTD-PAH.
Introduction
Pulmonary hypertension (PH) is a hemodynamic state defined by an increase in mean pulmonary arterial pressure (mPAP) !25 mmHg as assessed by right heart catheterization (RHC). According to the latest guidelines of the European Society of Cardiology (ESC) and European Respiratory Society (ESR), 1 PH is subdivided into five categories based on etiology, encompassing extremely different clinical conditions. Pulmonary arterial hypertension (PAH), categorized as group I, is a rare disease characterized by proliferation and remodeling of the small pulmonary arteries, leading to increased pulmonary vascular resistance (PVR) and right heart failure. Thus, the RHC typically shows high arteriole resistances (>3 Woods Unit, WU) with an estimated pressure in the left atrium (wedge pressure, PAWP) 15 mmHg, defining PAH as a precapillary condition of PH. Post-capillary PH (group II) is caused by left heart disease (e.g. mitral valve disease, left
Impact statement
Our article focuses on the pathogenesis and treatment of CTD-PAH. In the latest ESC/ ESR guidelines for PAH, the authors underline that although CTD-PAH should follow the same treatment protocol as idiopathic PAH, the therapeutic approach is more complex and difficult in the former. This review throws light on several peculiar aspects of CTD-PAH and the latest findings in the pathogenesis, namely, the role of inflammation in the maladaptive right ventricle remodeling in SSc-PAH where immunosuppressants are classically believed to be ineffective. Furthermore, we discuss the major critical points in the therapy of CTD-PAH which is one of the strengths of our article. To the best of our knowledge, there are no other reviews that exclusively focus on the pathogenesis and treatment of CTD-PAH patients, with an emphasis on the more critical issues. Thus, it is our contention that our work would be of interest to the readers. ventricular systolic, or diastolic dysfunction) which is responsible for an increased PAWP (>15 mmHG) at RHC. PAH can be idiopathic pulmonary arterial hypertension (IPAH), inherited, induced by drugs and toxins or associated with an underlying disease. Connective tissue disorders (CTDs) are the most frequent diseases associated with PAH. Systemic sclerosis (SSc) is the CTD most frequently complicated by PAH (8-12% of SSc patients), accounting for almost 75% of CTD-PAH cases. PAH is a leading cause of death in SSc and is associated with a worse prognosis than IPAH. 2 Furthermore, PAH can be detected in 1-5% of patients affected with systemic lupus erythematosus (SLE) and about 3-4% of those with mixed connective tissue disease (MCTD). 3 CTD-PAH has also been reported, albeit rarely, in primary Sj€ ogren syndrome (pSS), idiopathic inflammatory myopathies (IIM), and rheumatoid arthritis. It is noteworthy that data on the prevalence of PAH in CTDs other than SSc are much less reliable owing to the lack of echocardiographic screenings (recommended only in SSc) and RHC-based studies.
PH other than PAH in CTDs
Different types of PH, other than PAH, can be detected in CTDs. Due to the high prevalence of interstitial lung disease (ILD), PH due to this condition (group III) is quite common, particularly in SSc. Diastolic and systolic dysfunction of the left ventricle (LV) have been documented in patients with SSc, SLE, MCTD, and IIM [4] [5] [6] and therefore group II PH can also occur. Finally, other PH categories which have to be considered are chronic thromboembolic pulmonary hypertension (CEPTH, group IV), especially in SLE patients with positive antiphospholipid antibodies, and pulmonary veno-occlusive disease (PVOD, group V) in SSc patients. In some cases (mostly in SSc), PH etiology could be multifactorial (e.g. "out of proportion forms"), making diagnosis and management particularly difficult, as discussed below.
Pathogenesis of CTD-PAH Endothelial dysfunction
As for IPAH, endothelial dysfunction plays a key role in the pathogenesis of CTD-PAH. Impaired production of vasoactive mediators, and the increased production of vasoconstrictors and proliferative mediators affect the vascular tone and promote vascular remodeling. There are three main pathways responsible for the pathogenesis of PAH.
ET-1. Endothelin-1 (ET-1) is an endogenous peptide produced by vascular endothelial cells and is one of the most potent vasoconstrictors and smooth-muscle cell (SMC) mitogens. ET-1 is overexpressed in plasma and lung tissue of patients with SSc-PAH and SLE-PAH and its expression inversely correlates with survival in PAH. [7] [8] [9] ET-1 seems particularly involved in the pathogenesis of CTD-PAH. Becker et al. 10 found that the agonistic endothelin-1 type A receptor antibodies (anti-ETAR) are more common in SSc-PAH/CTD-PAH than in other forms of PAH and appear to be useful predictors and prognostic biomarkers for SSc-PAH. ET-1 activates 2 endothelin receptor isoforms (type-A (ETA) and type-B (ETB)) on vascular SMCs and induces vasoconstriction. 11 Furthermore, the ETB receptors are mainly involved in the clearance of ET-1 and may induce vasodilation via release of NO and prostacyclin from endothelial cells.
Nitric oxide. Nitric oxide (NO) is a potent pulmonary vasodilator as well as an inhibitor of platelet activation and vascular SMC proliferation. 12 In the endothelial cells, activated NO synthase (NOS) produces NO by converting L-arginine to L-citrulline. Notably, the inducible NOS (iNOS), one of the three known NOS isoforms, is activated during inflammation by cytokines. NO rapidly spreads from the endothelium to the SMCs, where its effect is mediated by the activation of the soluble guanylate cyclase (sGC) to produce cyclic guanosine monophosphate (cGMP). The intracellular concentration of cGMP is regulated by phosphodiesterase 5 (PDE5) in vivo, which rapidly degrades cGMP to 5-GMP. cGMP is an important intracellular second messenger with relaxant and antiproliferative properties in pulmonary SMCs.
Prostacyclin. Prostacyclin (PGI2) is a lipid mediator synthesized in the endothelial cells from arachidonic acid by the enzymes cyclo-oxygenase and prostacyclin synthase. 13 Once released, prostacyclin acts on the vasculature and platelets mainly through activation of the enzyme adenylate cyclase which converts adenosine triphosphate (ATP) to cyclic adenosine monophosphate (cAMP). In vascular SMCs, cAMP mediates relaxation and reduces proliferation, vascular remodeling, and inflammation. Prostacyclin synthase is reduced in the lungs of patients with PAH. 14 
Inflammation and autoimmunity
There is a growing evidence suggesting that inflammation and autoimmunity may contribute to the onset and progression of PAH, especially CTD-PAH. Infiltrating macrophages and lymphocytes, antinuclear antibodies (ANA), rheumatoid factor (RF) and complement have been detected in the pulmonary vessels from patients with CTD-PAH. 15, 16 It bears noting that ANA and elevated levels of proinflammatory cytokines have also been found in the serum of patients with IPAH. Interestingly, high serum levels of interleukins 6, 8, 10, and 12 were more predictive of survival than hemodynamics or six-minute walking test (6MWT) in a cohort of 21 PAH patients. 17 Moreover, the blockade of IL-6 was shown to prevent chronic hypoxiainduced PH in mice, by blocking the accumulation of Th17 cells and macrophages in lungs. 18 Data from animal models indicate that cytotoxic T cells might play a role in the process of pulmonary arterial muscularization and B cells may promote pulmonary vascular injury and remodeling in PAH via the production of antiendothelial cells antibodies. 19 A histopathological study conducted on CTD-PAH patients 20 showed deposits of both immunoglobulin and complement on the pulmonary arterial wall in SLE-PAH. The typical pathologic findings in these patients included immune complexes-mediated pulmonary vasculitis and a plexogenic arteriopathy similar to IPAH, whereas intimal fibrosis was generally rare and mild. Anticardiolipin antibodies and lupus anticoagulant have been reported to be associated with SLE-PAH, chronic thromboembolic PH notwithstanding, which may stem from their ability to promote endothelial dysfunction and induce the secretion of adhesion molecules. 21 Several studies have also reported that anti-U1RNP antibodies are closely associated with SLE-PAH, though their potential pathogenetic role has not been clarified yet. 22 Even in pSS, PAH patients exhibited higher rates of positive antibodies, especially anti-Ro/ SSA and anti-U1RNP antibodies, positive RF and hypergammaglobulinemia. These immunologic abnormalities suggest a role of B-cell activation and autoantibodies in the pathogenesis of pSS-PAH as well. However, data on histological findings showed no evidence of pulmonary vasculitis, 23 as in patients with SSc-PAH. Histopathological abnormalities in patients with MCTD-PAH are much more similar to SSc-PAH than SLE-PAH, with arterial lesions characterized by fibrous intimal thickening, whereas fibrinoid vasculitis or plexogenic arteriopathy is rarely detectable. 20 Finally, although histopathological studies on IIM-PAH are lacking, some clinical studies have hinted that endothelial dysfunction may play a prominent role in its pathogenesis, as evidenced by the higher frequency of dermatomyositis phenotype and peripheral microangiopathy observed in these patients compared to IIM without PAH. 24 The potential role of autoimmunity and inflammation in the pathogenesis of CTD-PAH is summarized in Figure 1 .
Monocrotaline in rats causes massive mononuclear cell infiltration into the perivascular regions of pulmonary arterioles, which makes it the perfect animal model of PAH for studies focusing on immunosuppressive therapies. 16 Zheng et al. 25 demonstrated that the injection of multiple doses of mycophenolate mofetil (MMF) can decrease the thickening of pulmonary vascular walls, reduce luminal stenosis, and inhibit abnormal vascular remodeling in rats with monocrotaline-induced PAH, ultimately resulting in a reduction of systolic pulmonary arterial pressure and right ventricle (RV) hypertrophy. Further studies showed that besides lymphocytes, MMF can also inhibit the proliferation of non-immunological cells such as vascular endothelial cells, SMCs, and fibroblasts, all crucial actors in the pathogenesis of PAH. 26 Current evidence suggest that inflammation and autoimmunity play a role mainly in CTD-PAH other than SSc, at least partially mirroring the differences in the overall pathogenesis between SSc and other CTDs. In fact, immunosuppressive agents did not show any substantial efficacy in SSc-PAH which might stem from endothelial dysfunction due to the vasoconstrictors/vasodilators imbalance observed in this condition. However, a possible contribution of inflammation and autoimmunity in determining the long-term prognosis of SSc-PAH patients cannot be definitively ruled out. Recent evidence indicate that active inflammation can also contribute to the pathogenesis of RV dysfunction and failure, which is an important determinant of prognosis in PAH. 27 Studies have shown that the accumulation of inflammatory cells such as macrophages and mast cells in the RV is associated with maladaptive eccentric RV remodeling. SSc-PAH patients have more impaired RV function than that observed in IPAH patients despite comparable afterloads 28 ; notably, more inflammatory cells were found in RV tissue samples of the former. 29 
Treatment of CTD-PAH Specific PAH therapies in CTD-PAH
Specific therapies target the three main aforementioned signaling pathways of endothelial dysfunction involved in PAH. Although the majority of randomized controlled trials (RCTs) were not specifically conducted on patients with CTD-PAH, this subgroup has been substantially represented in most clinical studies, and a dedicated subanalysis is available in several cases. According to the latest guidelines, 1 the treatment of patients with CTD-PAH should follow the same treatment algorithm as IPAH. However, the authors underlined that the therapeutic approach is more complex in CTD-PAH, mainly due to concomitant comorbidities (e.g. cardiopulmonary involvement) and the need for immunosuppressants in some cases. Unlike IPAH, calcium channel blockers are not recommended in the treatment of CTD-PAH, since their longterm efficacy has been confirmed in only 0.6% of patients. 30 
Endothelin receptor antagonists
Bosentan. In the 351 and BREATHE-1 studies, the efficacy of dual endothelin receptor antagonist bosentan versus placebo was evaluated as the change in exercise capacity (6MWT) from baseline to week 16 (primary endpoint). 31, 32 The subanalysis performed in patients with CTD-PAH (n ¼ 66) showed that at the end of the study, the 44 patients treated with bosentan (125 mg twice a daily) did not present a worse 6MWT, unlike the 22 patients on placebo. 33 The difference was not significant in the CTD-PAH subgroup, in contrast with the overall study population. The lack of improvement in 6MWT with bosentan specifically in these patients may be attributable to the intrinsic 6MWT impairment observed in CTD which is caused by musculoskeletal involvement and deconditioning (especially in SSc). 34 Overall, survival rates among the 64 CTD-PAH patients who subsequently received bosentan in the long-term extension study were 86% and 73% at one and two years, respectively, considerably higher than previously reported in a cohort of untreated CTD-PAH patients by Koh et al. (45% and 35%, respectively) . 35 In the doubleblind RCT EARLY, PVR at rest at month 6 (expressed as a percentage of the baseline value) were evaluated as primary endpoint along with change from baseline to month 6 in the 6MWT versus placebo. In patients treated with bosentan, 6MWT was improved but not significantly versus placebo; PVR decreased significantly in the former. 36 In this study and in its open-label extension phase, 37 about 16.8% of patients had an elevation of hepatic aminotransferases levels over a median exposure of 51 months. Notably, most abnormalities associated with bosentan occurred during the first six months of treatment (11.6%) and were reversible after drug discontinuation.
Ambrisentan. Ambrisentan is a propanoic acid-based selective ETA receptor antagonist with a bioavailability and half-life that allow once-daily dosing. Two large RCTs (ARIES 1 and 2) assessed the efficacy and safety of ambrisentan (2.5, 5, and 10 mg daily) in PAH. 38 Fischer et al. 39 performed a subanalysis in patients with CTD-PAH (n ¼ 124) based on a combination of these trials (ARIES-C) and their open-label extensions (ARIES-E). The primary endpoint for both studies was change in 6MWT from baseline to week 12 compared to placebo. At one, two, and three years, 62.6%, 57.3%, and 58.2% of CTD-PAH patients treated with ambrisentan exhibited an increase in 6MWT.
At three years, 64% of patients were free from clinical worsening and 76% of patients were still alive. Notably, no patients presented aminotransferase concentrations >3 times the upper limit of the normal range.
Macitentan. The long-term efficacy (median 115 weeks) of the dual ERA Macitentan (3 or 10 mg daily) was evaluated in an event-driven RCT, the SERAPHIN trial. 40 Due to the limitation of 6MWT (especially in CTD-PAH patients), a composite primary endpoint of death, atrial septostomy, lung transplantation, initiation of intravenous or subcutaneous prostanoids, and/or worsening in PAH was evaluated. Macitentan decreased the risk of the morbidity/ mortality endpoint by 45% in all patients versus placebo. Moreover, improvement of functional status and cardiac hemodynamic was observed. Importantly, the effect of macitentan was maintained also in patients on background-specific therapy (mainly sildenafil). The subgroup analysis of CTD-PAH (n ¼ 224) showed likely clinical benefit. The SERAPHIN revealed no liver toxicity, but anemia was observed in about 13% of patients taking the 10 mg dose, probably due to fluid retention and hemodilution, typically caused by ET inhibitors.
Drugs targeting the NO pathway
Sildenafil. Sildenafil is a selective inhibitor of type 5 cGMP phosphodiesterase (PDE5i). The SUPER-1 study demonstrated a significant improvement of the 6MWT from baseline to week 12 (primary endpoint) in patients treated with sildenafil (20, 40, or 80 mg three times daily) vs. placebo. 41 The effects were maintained at one year in the long-term extension study. In SUPER-1 flushing, dyspepsia and diarrhea were the most common adverse effects. In the subgroup of CTD-PAH patients, a significant improvement in mPAP and PVR was observed in patients treated with sildenafil versus the placebo group, although the effect on 6MWT was less evident than in the entire SUPER-1 study population. 42 Sildenafil was generally well tolerated.
Tadalafil. In the PHIRST study, patients treated with tadalafil showed a significant improvement of the 6MWT at week 16 from baseline compared to placebo, along with a significant decrease in mPAP. 43 The most common adverse events were headache, myalgia, and flushing. A subanalysis of the CTD-PAH group (n ¼ 73) showed a slightly lower improvement of 6MWT compared to the overall study population, although for the two higher doses (20 and 40 mg daily), the improvement was greater in CTD-PAH.
Riociguat. Riociguat is an sGC stimulator which showed antifibrotic, antiproliferative, and anti-inflammatory effects in preclinical models. The PATENT-1 study 44 evaluated the efficacy of riociguat (maximum dose 2.5 mg three times daily) vs. placebo. The primary endpoint was the change from baseline to week 12 in 6MWT. Riociguat was well tolerated in the entire PAH population, and improved 6MWT along with several other outcomes (e.g. PVR, time to clinical worsening). Riociguat improved several efficacy endpoints in patients with CTD-PAH including 6MWT, PVR, and cardiac index, 45 though improvements were less pronounced compared to the overall PATENT-1 population. The improvement in 6MWT was observed in patients pretreated with an ERAs (53%) as well, supporting the potential use of riociguat in combination therapy in this subgroup. Notably, the two-year survival rate in the longterm extension study PATIENT-2 was comparable in patients with CTD-PAH and IPAH (93%).
Prostanoids
Epoprostenol. The synthetic prostacyclin epoprostenol is the first drug approved for PAH. Due to its short half-life (3-5 min), epoprostenol must be administered via continuous infusion pomp and a permanent tunneled catheter. Its efficacy in PAH-SSc was evaluated and compared with conventional therapies (oral vasodilators, diuretic agents, and cardiac glycosides) in a RCT conducted in 2000. 46 The primary outcome measure was change from baseline to week 12 in 6MWT compared with placebo. Exercise capacity and cardiopulmonary hemodynamics improved significantly in comparison with placebo, though no clear benefit on survival was reported. However, the meta-analysis for mortality performed in the three epoprostenol RCTs showed a decrease in mortality risk of about 70%. [46] [47] [48] The most common adverse events were headache, jaw pain, hypotension, nausea, and diarrhea. Pain at the injection site, local infection, and sepsis associated with the delivery system may also occur. Nowadays, intravenous (i.v.) epoprostenol is considered the first-line agent in severe PAH (New York Heart Association class, NYHA IV).
Treprostinil. Treprostinil is an analog of epoprostenol which is chemically stable at room temperature and can be administered by subcutaneous injection, intravenous infusion or inhalation. In patients with CTD-PAH, intravenous treprostinil improved 6MWT and significantly decreased PVR index compared with placebo; dyspnea score also improved. 49 Iloprost. Iloprost is a chemically stable prostacyclin analogue available as an inhalant and intravenous preparation for PAH. The main limitation of inhaled formulations lies in the need of daily repetitive iloprost inhalations, ranging from 6 to 9. In two studies including patients with severe forms of CTD-PAH, inhaled iloprost was associated with a significant improvement in exercise capacity, functional class, and PVR compared with placebo. 50 Selexipag. Selexipag is a non-prostacyclin drug which selectively activates the IP receptor and can be administered orally. The GRIPHON study 51 enrolled 1156 patients randomized to receive either selexipag or placebo in individualized doses that were up-titrated (maximum dose 1600 mg twice daily); the primary endpoint was a composite of death from any cause or a PAH-related complication until the end of the treatment period. Selexipag resulted in a 40% decrease in the achievement of primary endpoint, driven predominantly by a decrease in disease progression and hospitalization. Notably, this trend was also observed among patients who were already receiving treatment at baseline (including a combination of two therapies) and in naive-treatment patients. A subanalysis of the 334 CTD-PAH patients 52 confirmed that selexipag reduced the risk of the primary composite endpoint of morbidity/ mortality by 41% versus placebo (HR 0.59; 95% CI 0.41-0.85). The effect was consistent in patients with CTD-PAH irrespective of PAH therapy at baseline. The risk reduction conferred by selexipag versus placebo was higher in patients with SSc-PAH than in those with SLE-PAH (44% and 34%, respectively), emphasizing the crucial role of the prostacyclin pathway in SSc. The most common adverse events in the selexipag group were consistent with the known side effects of prostacyclin, including diarrhea, headache, and nausea.
Strategies for PAH-specific treatment
A combination of agents targeting all three aforementioned pathways is at the core of the treatment of PAH. As with IPAH, the therapeutic approach in CTD-PAH patients should be tailored according to the risk stratification (i.e. estimation of one-year mortality) at the time of PAH diagnosis and at subsequent follow-ups. Patients can be subdivided into low, intermediate, or high-risk categories, based on clinical risk assessment, imaging (RV function), and hemodynamics. 1 As for monotherapy, current guidelines fail to suggest whether an ERA or a PDE5i ought to be preferred as first agent in CTD-PAH as all available RCTs compared the active agent with placebo rather than a direct comparison ERA versus PDE5i. Given the bad prognosis of the disease, the therapeutic approach to CTD-PAH must be aggressive with regard to SSc-PAH, where only vasodilators therapies were proven to be effective. This consists of either upfront or rapid sequential combination therapy with ERA and PDE5i. The AMBITION trial was the first study to evaluate the effect of an initial combination therapy on long-term outcomes in patients with PAH. 53 Five hundred PAH patients were randomized to receive placebo upfront combination ambrisentan with tadalafil (10 mg and 40 mg daily, respectively), monotherapy ambrisentan or tadalafil. Galiè et al. found a 50% reduction in a composite first clinical failure event (including death, hospitalization, PAH progression) in the upfront group vs. both monotherapy groups. Similarly, in the CTD-PAH subgroup, upfront combination therapy was able to reduce the risk of a clinical failure event (HR of 0.43 (95% CI 0.24 to 0.77)) compared with monotherapies. 54 Moreover, in the ATPAHSS-O trial evaluating the effect of ambrisentan plus tadalafil in 24 patients exclusively affected with SSc-PAH, a significant improvement in hemodynamics, clinical status, and also RV and LV function was observed after 36 weeks of treatment. 55, 56 However, a CTD subanalysis revealed that peripheral edema occurred more frequently with initial combination therapy than with monotherapy (47% combination, 34% ambrisentan and 33% tadalafil); headache, nasal congestion, and anemia were more common with the combination therapy in the overall population. Considering the higher frequency of side effects as well as the possible comorbidities in CTD-PAH, a rapid sequential combination therapy may also be considered a safe and reasonable approach in CTD-PAH patients. Table 1 summarizes the results of the most important RCTs on combination PAH therapy. Of note, the combination of riociguat and PDE5i (targeting the same pathway) is contraindicated due to hypotension and other side effects. 44 The RESPITE trial assessed the effect of switching to riociguat in PAH patients who showed inadequate response to PDE5i (82% of whom on background therapy with an ERA). 62 However, the study was conducted almost exclusively on patients with IPAH. Finally, parenteral prostanoids must be considered in NYHA III-IV patients as triple combination therapy, monitoring possible adverse events related to the delivery system. An upfront triple combination therapy was recently proposed for some selected high-risk patients. 63 The oral administration of selexipag facilitates an early initiation of prostanoid therapy. However, parenteral prostanoids must remain the drug of choice in high-risk patients due to their greater efficacy.
Immunosuppressants
Several observational cohort studies reported the efficacy of immunosuppressive therapies (mainly i.v. cyclophosphamide, CYC, pulse plus prednisone) in patients with SLE-PAH. The first clear evidence of a different response to immunosuppressive treatments stemming from the underlying CTDs was provided by Sanchez et al. 64 Immunosuppressants (monthly i.v. pulse CYC for at least three months) were administered as first-line monotherapy in 28 patients with CTD-PAH, combined with systemic glucocorticosteroids in the great majority of cases; no specific PAH therapies were administered concurrently. No patients with SSc responded after one year (i.e. showed stability of NYHA I or II functional class with sustained hemodynamic improvement), while 5/12 patients with SLE and 3/8 with MCTD did improve. Importantly, among SLE and MCTD patients, PAH before the initiation of immunosuppressive therapy was less severe in responders than in non-responders, and this result was confirmed by a subsequent retrospective analysis of 23 SLE and MCTD cases performed by the same group. 65 Thus, the authors concluded that patients with a less severe disease at baseline benefit substantially from immunosuppressants alone, probably due to their lack of efficacy in patients with longstanding PAH and hence with irreversible pathologic changes in pulmonary vessels. 66 Jais et al. proposed a treatment algorithm for SLE-PAH and MCTD-PAH suggesting to treat patients in NYHA I and II only with immunosuppressants, and patients in NYHA III-IV with a combination of pulmonary vasodilators and immunosuppressive therapies. The authors also found that a combination of PAHspecific therapies and immunosuppressants in patients with evidence of RV failure led to a significant improvement in hemodynamic parameters (PVR, cardiac index) compared with immunosuppressants alone. Nonetheless, the response should be evaluated via clinical and hemodynamic tests after four to six months and the therapeutic strategy adjusted accordingly. Some authors also reported the use of glucocorticoids alone in the treatment of SLE-PAH, but this approach is often complicated by a high percentage of cardiac failure relapse after few months (40% in the study by Kato et al.) . 67 Jais et al. 65 found that 38% of responders had relapses 4 to 15 months after the first-line immunosuppressive treatment with i.v. CYC. Therefore, a maintenance therapy may be indicated in SLE-PAH. There is still no consensus as to the duration of said maintenance therapy and whether it should include immunosuppressants alone or in combination with PAH-specific vasodilators. The final decision ought to take into consideration the hemodynamics and clinical response to induction therapy (e.g. normalization of PAPm and PVR or not). Rituximab was effective in a refractory case of SLE-PAH, 68 while another patient was successfully treated with MMF and cyclosporine. 69 As mentioned earlier, immunosuppressive agents resulted effective in about 50% of patients with MCTD. However, since the histopathological lesions in MCTD-PAH are very similar to SSc-PAHs, PAH-specific therapies may also be considered in these patients at the time of PAH diagnosis. As demonstrated by Sanchez et al., patients with SSc-PAH do not show a hemodynamic and clinical response to immunosuppressive therapies. However, due to the potential role of inflammation in determining RV eccentric remodeling and failure in SSc-PAH, 26 ,27 the effect of immunosuppressants in improving the long-term prognosis and survival in these patients cannot be ruled out. MMF might be a good candidate as immunosuppressant, even in consideration of the multiple non-immunological effects (i.e. on fibroblasts) discussed above.
In pSS, Launay et al. 23 studied nine patients and reported data from literature for a total of 28 cases with pSS-PAH and a severe clinical presentation in most cases, probably due to a delayed diagnosis (more than one year after the first symptom of PAH in 69% of patients). Some patients were treated with first-line immunosuppressants alone, leading to improvement in some, but second-line PAH specific therapies were added in all cases thereafter. The authors concluded that the best therapeutic strategies are yet to be defined in pSS-PAH. Finally, considering the nine cases reported by Sanges et al. 24 in the French PAH registry, IIM-PAH does not appear to respond to glucocorticoids and/or immunosuppressants alone, whereas PAH-specific therapy appeared to be effective in stabilizing the disease.
Anticoagulation
The observation of a thrombotic arteriopathy in the pulmonary vascular tissue of some patients with PAH has suggested a potential involvement of in situ thrombosis in the onset and progression of PAH. In a comparative registrybased study, 70 survival was improved after three years of anticoagulation therapy in patients with IPAH, while no benefits were reported in any other form of PAH. Data from the 2015 Registry to Evaluate early and long-term PAH disease management showed an increased mortality in SSc-PAH patients treated with warfarin compared with warfarin-naive patients, 71 probably linked to the presence of gastrointestinal teleangectasia. 72 Therefore, current guidelines do not recommend anticoagulation in patients with SSc-PAH and other CTD-PAH, suggesting that it may be considered on an individual basis and in the presence of thrombophilic predisposition. 1 An Australian multicenter RCT SPHInx evaluating the administration of apixaban vs. placebo in SSc-PAH is currently ongoing. 73 
Ongoing clinical trials
There are several ongoing clinical trials for novel PAH therapies, some of which particularly interesting for patients with CTD-PAH. The TRANSFORM study (clinicaltrials. gov NCT02676974) is a phase II open-label study that will assess the safety and efficacy of tocilizumab (an anti-IL-6 receptor monoclonal antibody) given i.v. once a month for six months in patients with PAH. Among RCTs enrolling exclusively SSc patients, the rituximab for treatment of Systemic Sclerosis Associated Pulmonary Hypertension Trial (clinicaltrials.gov NCT01086540) is a randomized, placebo-controlled phase II study currently enrolling patients in centers across the United States. The efficacy of ifetroban, a thromboxane A2/prostaglandin H2 receptor antagonist, will be evaluated in another TRIAL specifically enrolling PAH-SSc patients (clinicaltrials.gov NCT02682511). Finally, the CATALYST RCT (clinicaltrials. gov NCT02657356) is a phase III study that will assess the efficacy of the antioxidant inflammation modulator bardoxolone in CTD-PAH.
Point to consider in CTD-PAH therapies
Lung disease. Mild to moderate ILD is detectable in about 70-90% 74 and 20-40% 75 of patients with SSc and IIM, respectively. In ILD, hypoxic pulmonary vasoconstriction is fundamental to maintain gas exchange and arterial oxygenation. Thus, vasodilators may contribute to worsening gas exchange, being responsible for a V/Q mismatch that ultimately causes hypoxemia. The main implication is that a precise diagnosis is paramount to distinguish patients with PH (group I) from patients in which PH is due to ILD (group III), since they are both pre-capillary conditions. PAH-specific therapies are not indicated in the latter group. However, it bears noting that mild and moderate ILD could also coexist with type I PAH in some cases. Considering the lack of a consensus on the definition of severe PH, "disproportionate" to the extension of parenchyma lung disease, the diagnosis and the management of the patient should take place in a third level referral center and tailored to each single case. Due to the possibility of worsening hypoxemia through a more aggressive vasodilatation, monotherapy or double combination therapy may be preferred in patients with PAH and ILD. Data from patients with idiopathic pulmonary fibrosis (IPF) and PH suggest that agents targeting the NO pathway may be a better and safer option. Milara et al. 76 demonstrated that in a model of bleomycin-induced pulmonary fibrosis, sildenafil given by infusion did not alter the V/Q matching, probably due to its preferential vasodilatory effect in areas that are well ventilated and where NO is available. 77 In a pilot trial evaluating riociguat in PH-ILD (including both IPF and SSc patients), hemodynamics improved with a small decrease in arterial oxygen saturation after 12 weeks of therapy. 78 However, the RISE-IIP RCT to evaluate the efficacy and safety of riociguat in patients with IPF was terminated early due to an increased mortality in patients treated with riociguat vs. placebo. 79 Regarding ET-1 inhibitors, patients with IPF showed acceptable tolerance to bosentan and macitentan. By contrast, ambrisentan was proven to be dangerous in patients with IPF. 80 In few selected CTD-PAH patients with severe PAH and very mild ILD, parenteral prostanoids could also be considered, albeit with a carefully initiation and strict monitoring of gas exchange. The best therapeutic approach in patients with ILD and PAH is still a matter of debate and ought to be tailored to each case.
Left heart disease. The occurrence of a mild diastolic dysfunction (and less commonly systolic) of the LV is not unusual in patients with SSc, LES, MCTD, and IIM. [4] [5] [6] 81 Standard echocardiography, advanced echocardiography methods (i.e. strain rate), and cardiac magnetic resonance are the gold standard to diagnose LV impairment which can result in post-capillary PH in CTD patients. ESC/ESR guidelines currently state that treatment with PAHspecific therapy is not recommended in these patients because of a lack of evidence and the risk of pulmonary edema. However, although not directly responsible for PH, a mild LV dysfunction can concomitantly occur in some CTD patients with CTD-PAH. In these cases, diagnosis should be optimized through an advanced evaluation of the LV function (cardiac magnetic resonance) and/or by a fluid challenge (fluid bolus of 7 mL/kg of saline) administered during RHC. 82 In patients with PAH and coexisting mild LV dysfunction where a PH due to LV dysfunction has been excluded, PAH-specific therapies should be carefully administered. In this specific subset of patients, monotherapy or double oral combination therapy might be more appropriate in order to avoid worsening of the hemodynamic status (e.g. pulmonary edema). 83 Notably, an LV cardiac dysfunction can also occur during the course of PAH, due to a worse cardiac adaptation to PH.
Venocclusive disease. PVOD is histologically characterized by fibrotic occlusion of pulmonary venules and is indistinguishable from PAH at RHC. Gunther et al. 84 showed that signs of PVOD at high-resolution computed tomography are frequently observed in SSc patients with precapillary PH and are associated with a high risk of noncardiogenic pulmonary edema after initiation of PAHspecific therapies. Therefore, in some SSc-PAH patients (e.g. those with very low diffusion monoxide capacity and bad tolerance to vasodilators), PVOD should be considered and excluded.
Differences between the treatment of SSc-PAH and other CTD-PAH
Immunosuppressive treatments are not recommended in SSc-PAH, whereas demonstrable clinical success has been reported in the other CTD-PAHs. Moreover, in cases of SLE-PAH and MCTD-PAH diagnosed at a very early stage (NYHA I-II), a prompt corticosteroid and immunosuppressant regime may lead to a normalization of the hemodynamic profile; however, additional specific therapies are also required in moderate and severe cases. Current data suggest that a combination of vasodilators and immunosuppressants may be the most indicated therapeutic approach in SS-PAH and IIM-PAH, although further studies could help clarify the best strategies to manage these patients. Since specific vasodilators are a staple in the therapy of SSc-PAH and given its bad prognosis, combination therapy should be considered earlier than in the other CTDs.
Conclusions
PAH is a relevant complication of CTDs, especially SSc, SLE, and MCTD. The best therapeutic approach should consider the risk profile and the underlying CTDs, and be tailored to each patient, while also keeping in mind that mild pulmonary and LV involvement may coexist with PAH in these patients (particularly in SSc). RCTs evaluating novel therapies in patients with PAH (e.g. rituximab or tocilizumab) are currently ongoing, some of which are of particular interest for CTD-PAH. 
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